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Serum-deprived mouse osteoblastic (MC3T3E1)
cellswere subjected to a vibrational force modeled by NASA to simulate a space shuttlelaunch (7.83 G rms). The mRNA levels for eight genes were investigated to determine the effect of vibrational force on mRNA expression.
The mRNA levels of two growthrelated protooncogenes, c-fos and c-myc, were up-regulated significantly within 30 mm after vibration, whereas those of osteocalcinas well as transforming growth factor-1 were decreased significantly within 3 h after vibration. No changes were detected in the levels of f3-actin, histone H4, or cytoplasmic phospholipase A2 after vibration. No 
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AND METHODS
Materials
in the space shuttle's middeck during launch. The cells were fixed at 32 mm (representing the 30 mm time point) and 182 mm (representing the 3 h time point) after the
RT-PCR analysis
The RT-PCR analysis was performed as described previously (12) 
PGE2 analysis
The exogenous PGE2 levels were measured using a PGE2- 
RESULTS
Alterations in mRNA levels after vibrational launch profile
Messenger RNA expression levels from three separate experiments (N=6) were analyzed for genes involved in growth and/or differentiation of osteoblasts were analyzed after the vigorous vibration profile. The genes analyzed included c-fos, c-myc, OC, TGF-1, HisH4, cPLA2, COX-2, and the cytoskeletal protein 3-actin. As shown in Fig. 3 , the two protooncogenes c-fos and c-myc were up-regulated after vibration.
The levels of c-fos and c-myc mRNA increased by four-(P<0. 05) and twofold (P<0.05), respectively, over the control levels 30 mm after the vibration profile. However, these levels returned to control levels by the 3 h time point. There were no significant changes in either the HisH4, cPLA2, or cytoskeleton -actin mRNA levels detected after vibration as compared to the controls.
No basal level of COX-2 mRNA was detected.
We also determined the levels of OC and TGF-31 mRNA. There was no alteration in the OC mRNA level seen at 30 mm after vibration. However, the OC mRNA level was significantly decreased (fourfold, P<0.001) 3 h after vibration as compared to the controls. At both 30 mm and 3 h time points, TGF-31 mRNA levels were significantly lower (1.5-fold, Pz0.01) than the controls.
Levels in PGE2 released after vibration
We determined the levels of PGE2 released into the culture medium as a result of the vibrational profile. 
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a. There were no significant changes in the levels of extracellular PGE2 after vibration (Fig. 4) .
DISCUSSION
Two major forces that could potentially alter gene expression during space shuttle launch are gravity and vibration.
We have shown previously that the gravitational force incurred during space shuttle launch is of itself able to induce mRNA expression of the early intermediate gene c-fos as well as decrease mRNA levels of the bone differentiation marker, OC (7). Studies reported in this paper were carried out to determine the effect of the vigorous vibration that occurs during a space shuttle launch on mRNA expression. We found that in osteoblasts subjected to this vibrational profile, c-fos and c-myc mRNA levels were increased, OC and TGF-1 mRNA levels were decreased, and HisH4 and cPLA2 mRNA levels were not changed. It has previously been reported that induction of genes associated with osteoblast proliferation, c-fos and c-myc, can be reciprocally related to those associated with matrix maturation (TGF-1) and mineralization (OC) (15) . Therefore, the data presented here suggest that vigorous vibrational force induces a cellular response that favors proliferation and inhibits differentiation.
The changes in mRNA expression resulting from the vibrational force were much greater in both magnitude and effect than changes resulting from the gravitational launch profile. Gravitational forces altered mRNA expression of only two genes: c-fos and OC (7) . c-fos mRNA increased by twofold (P<0.05) above the controls, whereas OC decreased by 2.4-fold (P<0.005) as compared to the controls. No profound changes were found in c-myc or TGF-J31 mRNA levels after gravitational stress. The data presented here show that vibrational force up-regulated mRNA levels of c-fos and c-myc by four-and twofold, respectively, over the control levels whereas those of OC and TGF-1 significantly decreased fourfold and 1.5-fold, respectively, as compared to the controls. The typical 1-G gravity controls are in reality the ground controls, which do not experience launch force; they may not be accurate experimental controls and therefore may cause the differences in 1-G ground controls and onboard 1-G controls. Although the long-term effects of space shuttle launch forces are not yet known, the changes in RNA expression demonstrated in this study show that it is critical to dampen as much of the vibrational force as possible during launch and to have alternate ground controls exposed to launch forces or use facilities such as Biorack that have builtin onboard 1-G gravity controls. We also studied other biological responders to mechanical stress. PGE2 has been demonstrated to be a potent inducer of bone cell growth (16). COX-1 and is a stressand calcium-inducible enzyme responsible for releasing arachidonic acid from membrane phospholipids to serve as the substrate for COX-1 and COX-2. We did not observe significant changes in the levels of cPLA2 mRNA at either 30 mm or 3 h. In addition, basal level expression of COX-2 could not be detected. This indicates that serum deprivation limited the amount of media lipids and unsaturated fatty acid substrates for PGE2 synthesis. Thus, the extracellular PGE2 detected was most likely synthesized by the constitutive COX-1 enzyme. Taken together, the data suggest that the changes detected in mRNA expression were not mediated by the osteoblast autocrine/paracrine mediator PGE2 and were conceivably due to a direct result of the vibrational profile acting through other mechanical stress mechanisms such as mechanosensitive calcium channels to increase mRNA levels.
The vibrational force along the x-axis (Fig. 1) causes a form of shearing force exerted on the cells by the culture medium in the cell chamber. It is believed that bones experience daily shear stress such as that exerted during vibrational force. Similarly, stress is experienced by endothelial cells in blood cells due to hemodynamic forces. The flow of blood is associated with shear stress, which acts in the direction of the blood flow on the surface of the inner blood vessel wall (17 
